Objective: Thyroid hormones are essential for the normal development of the fetal brain, while hyperthyroidism in adults is associated with mood symptoms and reduced quality of life. In this study, we aimed to investigate the association and temporal relationship between hyperthyroidism and psychiatric morbidity. Design: Register-based nationwide cohort study. Method: Data on hyperthyroidism and psychiatric morbidity were obtained by record linkage of the Danish National Patient Registry and the Danish National Prescription Registry. A total of 2631 hyperthyroid individuals were identified and matched 1:4 with non-hyperthyroid controls and followed for a mean duration of 6 years (range 0-13). Logistic and Cox regression models were used to assess the risk of psychiatric morbidity before and after the diagnosis of hyperthyroidism respectively. Results: Before the diagnosis of hyperthyroidism, such individuals had an increased risk of being hospitalized with psychiatric diagnoses (odds ratio (OR): 1.33; 95% CI: 0.98-1.80) and an increased risk of being treated with antipsychotics (OR: 1.17; 95% CI: 1.00-1.38), antidepressants (OR: 1.13; 95% CI: 1.01-1.27), or anxiolytics (OR: 1.28; 95% CI: 1.16-1.42). After the diagnosis of hyperthyroidism, there was a higher risk of being hospitalized with psychiatric diagnoses (hazard ratio (HR): 1.51; 95% CI: 1.11-2.05) and an increased risk of being treated with antipsychotics (HR: 1.46; 95% CI: 1.20-1.79), antidepressants (HR: 1.54; 95% CI: 1.36-1.74), or anxiolytics (HR: 1.47; 95% CI: 1.27-1.69). Conclusions: Hyperthyroid individuals have an increased risk of being hospitalized with psychiatric diagnoses and being treated with antipsychotics, antidepressants, and anxiolytics, both before and after the diagnosis of hyperthyroidism.
Introduction
Thyroid hormones have major effects on developmental and physiological processes and the CNS is one of the most important targets (1). In the brain, thyroxine is converted to the more metabolically active triiodothyronine (T 3 ) by the type II deiodinases (D2) and to the inactive reverse T 3 (rT 3 ) by the type III deiodinases (2, 3). A reduced supply of thyroid hormones in developing humans can cause irreversible cognitive impairment and neurological deficits (4) . In adults, the effect of thyroid dysfunction on mental and brain functions is less clear-cut. However, mood disorders and decreased quality of life are often prominent in hyperthyroid patients, also after restoration of euthyroidism (5) . Moreover, thyroid hormones interact with neurotransmitters such as serotonin and norepinephrine (6) , both of which are involved in the pathway of developing psychiatric diseases (7, 8) , making the link between hyperthyroidism and psychiatric morbidity plausible.
Based on nationwide data with long-term follow-up and adjustment for pre-existing co-morbidity, we have demonstrated an increased burden of somatic morbidity, both before and after the diagnosis of thyroid dysfunction (9, 10) . Not surprisingly, this is followed by excess mortality in patients with hypothyroidism (11, 12) as well as hyperthyroidism (13, 14, 15) . Psychiatric morbidity, suggested to be associated with thyroid dysfunction (16, 17, 18, 19, 20) , most probably also contributes to this increase in mortality. Although an association between thyroid dysfunction and psychiatric conditions has been suggested since the earliest descriptions of hypothyroidism as well as hyperthyroidism (21) , our current knowledge is limited. In essence, the literature regarding the relationship between thyroid dysfunction and psychiatric disorders is ambiguous and almost entirely based on underpowered studies with heterogenic definitions of both psychiatric and thyroid diseases (16, 17, 18, 19, 20, 22, 23, 24, 25) . Also, when based on an adequate sample size, the studies report divergent findings regarding the association between hyperthyroidism and psychiatric morbidity (20, 24) . While Thomsen et al. (20) reported a 3.6 times increased risk of hospitalization with affective disorders in patients with hyperthyroidism, Engum et al. (24) found no association between biochemical hyperthyroidism and symptoms of depression and anxiety. In addition, most of the existing studies are cross-sectional and were not designed to examine the temporal relationship between hyperthyroidism and psychiatric morbidity (17, 18, 19, 20, 25) . Not to be neglected, drugs used in the treatment of some psychiatric diseases could also influence the development of hyperthyroidism; for example, tricyclic antidepressants (TCAs) have been suggested to complex with iodine, inhibit D2, and trigger thyroid autoimmunity (26) . In line with this, psychiatric diseases have been reported to be associated with an increased risk of subsequent hospitalization with hyperthyroidism (27) . Another shortcoming is the ignoring of possible genetic confounding. Employing twin analyses, we have previously shown that the association between hyperthyroidism and excess mortality could be influenced by genetic confounding (14) . As hyperthyroidism (28, 29) and various psychiatric disorders (30, 31, 32) demonstrate familial aggregation, they could be co-inherited.
To overcome some of the shortcomings of previous studies, in this study, we used data from Danish nationwide health registers on hospitalization and pharmacological treatment to evaluate the temporal relationship between hyperthyroidism and psychiatric morbidity. Using population-based twin data, we further examined whether this association was influenced by genetic confounding.
Subjects and methods

Subjects
Subjects included in this study were identified by record linkage of Danish health registers. A detailed description of the ascertainment procedure and statistical methods as well as all the registers utilized has been given elsewhere (14, 15) .
In brief, from a random 5% sample of the Danish background population, 2631 singleton individuals with incident hyperthyroidism, recorded between 1996 and 2008, were identified and matched 1:4 with control subjects according to age and sex, following the principles of density sampling (14, 15) . From the Danish Twin Registry, we identified 375 same-sex twin pairs discordant for hyperthyroidism. All the subjects were followed until migration, death, or December 31, 2008.
Diagnosis of hyperthyroidism
Information on thyroid status was drawn from the Danish National Patient Registry (DNPR) or the Danish National Prescription Registry (DNPrR). To be classified as having hyperthyroidism, subjects should be registered in either the DNPR or the DNPrR. In the DNPR, hyperthyroidism was defined by the International Classification of Diseases (ICD) ten codes E05-E05.9. In the DNPrR, hyperthyroidism was defined by at least two dispensed prescriptions of anti-thyroid medications (ATCZH03B). Date of the onset of hyperthyroidism (index date) was chosen as the first date of registration in either the DNPR or the DNPrR.
Psychiatric morbidity
The overall outcomes were psychiatric morbidity as identified from the DNPR and treatment with psychiatric drugs as identified from the DNPrR between 1995 and 2008. In the DNPR, diagnostic codes include a principal diagnosis reflecting the primary cause of admission and up to 19 secondary discharge diagnoses. As an example, a patient can be hospitalized primarily due to pneumonia, but may also suffer from psychiatric disease. In this case, psychiatric disease is a secondary diagnosis. On the other hand, an individual could be hospitalized due to the onset or worsening of psychiatric disease, making it the primary cause of hospitalization. In the DNPrR, coding for medical products sold with a prescription is according to the Anatomical Therapeutic Chemical (ATC) classification system. Thus, psychiatric morbidity was identified either based on treatment in a hospital setting, including hospital outpatient clinics, or by the use of psychiatric medication (antipsychotics, antidepressants, or anxiolytics), with a minimum of one prescription. All relevant ICD codes as well as ATC codes are given in Table 1 . Both the DNPR and DNPrR have been used in other Danish register-based surveys studying psychiatric morbidity, e.g. based on the use of benzodiazepines, antipsychotics, and antidepressants (20, 27, 33, 34, 35) . For each individual, the first date of possible registration in each of these outcome groups was identified. Accordingly, we stratified for the first registration in each group before and after the date of the diagnosis of hyperthyroidism.
Statistical analyses
Group frequencies were compared with using Pearson's c 2 test, whereas group means were compared using a t-test.
The odds ratio (OR) for the prevalence of psychiatric morbidity, before the diagnosis of hyperthyroidism, was evaluated in a logistic regression analysis adjusted for age and sex. The relationship between the first registration of hyperthyroidism and the subsequent first registration of psychiatric morbidity was evaluated using a Cox regression analysis. Age was chosen as the underlying time variable. In both singleton cases and controls, person-years of follow-up were accumulated from the index date of the case and were terminated at the date of the diagnosis of morbidity in the relevant disease category, migration, death, or end of follow-up (December 31, 2008), whichever came first. In all the Cox analyses, the variable 'pair' was used as a stratum variable, fixing the baseline hazard within a matched pair, while at the same time allowing this baseline hazard to vary freely between pairs. Afterwards, all the Cox regression analyses were adjusted for the degree of somatic co-morbidity preceding the diagnosis of hyperthyroidism, using the Charlson score (CS). Moreover, the educational level was taken into consideration, categorized into primary, secondary, or tertiary, as described previously (36) . The CS accounts for 19 various disease categories (myocardial infarction, heart failure, vascular disease, cerebrovascular disease, dementia, chronic lung disease, rheumatic disease, gastric ulcer, liver disease, diabetes mellitus without complications, diabetes mellitus with complications, hemiplegia, kidney disease, cancer, cancer with metastases, lymphoma, leukemia, liver failure, and AIDS). It allows for the calculation of an individual 1-year mortality risk depending on the degree and type of co-morbidity (14, 15) .
Due to the register-based design, we cannot exclude that the registration of one disease might lead to a higher risk of registration with other diseases due to more intense medical evaluation. To quantify this possible bias, we repeated all the analyses but censored diagnoses made 365 days before and after the diagnosis of hyperthyroidism. In addition, since hyperthyroidism is associated with increased mortality (13, 14, 15) , cases, at least theoretically, have a shorter observation period than the controls and thus a lower risk of being diagnosed with psychiatric morbidity. To account for this influence of competing risk, the risk of psychiatric morbidity was also evaluated by the method of Fine and Gray (15) .
In the twin population, we carried out intra-pair analyses, in which the hyperthyroid twin was matched with the corresponding euthyroid co-twin. In these analyses, all the psychiatric disease groups, hospital treatment, and medications were handled as one group, and disease frequency was evaluated by conditional logistic regression analyses. All the twin analyses were stratified for zygosity.
Significant differences were defined as a P value below 0.05, using two-tailed tests. All the analyses were conducted using STATA version 11.0 (2009; Stata Corporation, College Station, TX, USA). 
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Results
Baseline characteristics of the study populations
The baseline characteristics of singletons and twins diagnosed with hyperthyroidism, as well as their controls, are given in Table 2 . The mean age of singletons and twins at the diagnosis of hyperthyroidism was 61 and 56 years respectively. Cases and controls were followed for an average of 6 years (range 0-13). In general, cases had a higher CS than their respective controls and twins had a lower CS than the singletons.
Overall association between hyperthyroidism and psychiatric morbidity
As summarized in Table 3 , subjects with hyperthyroidism had, compared with the control population, a higher frequency of being hospitalized with psychiatric diagnoses (5 vs 3% respectively; PZ0.004), which did not change significantly after subdividing into primary or secondary causes of hospitalization (data not shown). Hyperthyroid individuals also had a higher risk of being treated with antipsychotics, antidepressants, or anxiolytics.
Psychiatric morbidity before the diagnosis of hyperthyroidism Table 3 ).
Psychiatric morbidity following the diagnosis of hyperthyroidism
The hazard ratios (HRs) for psychiatric morbidity after the diagnosis of hyperthyroidism are given in 
Psychiatric morbidity in twin pairs discordant for hyperthyroidism
In a combined analysis based on being hospitalized with psychiatric diagnoses and/or treated with antipsychotics, 
Discussion
By utilizing population-based Danish health registers, we were able to investigate a large sample size with validated definitions of thyroid disease (20, 27) and well-accepted definitions of psychiatric outcome (20, 27, 33, 34, 35) . We found an overall positive association between hyperthyroidism, on the one hand, and hospitalization with psychiatric diagnoses as well as treatment with antipsychotics, antidepressants, or anxiolytics, on the other hand. Moreover, our design allowed for the evaluation and demonstration of an increased risk of being hospitalized with psychiatric diagnoses and an increased risk of being treated with antipsychotics, antidepressants, and anxiolytics, both before and after the diagnosis of hyperthyroidism. These findings indicate a direct association between hyperthyroidism and subsequent psychiatric morbidity and vice versa. Consistent with our findings, two Danish large-scale studies, based on hospital treatment, have reported an increased risk of affective disorders following the diagnosis of hyperthyroidism (20) and vice versa (27) . The pattern of an increased risk of psychiatric morbidity both before and after the diagnosis of hyperthyroidism could be explained by the presence of shared genetic factors associated with psychiatric morbidity and hyperthyroidism. Both hyperthyroidism (28, 29) and various psychiatric morbidities (30, 31, 32) demonstrate familial aggregation. If these conditions cross-trait, the finding of an increased risk of psychiatric morbidity associated with hyperthyroidism could be due to genetic confounding. However, based on our findings within twin pairs discordant for hyperthyroidism, genetic confounding is unlikely to explain the increase in psychiatric morbidity, as risk estimates are unaffected by stratification for zygosity.
It is important to note that this association between hyperthyroidism and psychiatric morbidity could also be explained by the presence of shared risk factors, such as negative live events, suggested to be associated with both hyperthyroidism (37) and psychiatric diseases (38) . Unfortunately, we were unable to explore this issue further.
The observation that the detection of one disease leads to a higher rate of detection of other and not necessarily related diseases, denoted Berkson's bias, is well accepted (39) and might constitute another reason for the increased risk of psychiatric morbidity both before and after the diagnosis of hyperthyroidism. To minimize this detection bias, we censored diagnoses made 365 days before and after the diagnosis of hyperthyroidism. Applying this censoring, the risk of being hospitalized with psychiatric diagnoses was found to be attenuated, indicating that detection bias might explain the observed association. By contrast, when considering the risk of being treated with antipsychotics, antidepressants, and anxiolytics, our data suggest Berkson's bias to be less likely.
Hyperthyroidism is most often caused by autoimmunity, as in GD, or by one or more autonomously functioning thyroid nodules, as in TNG (40) . While GD and TNG differ with respect to age at onset, symptoms, and duration (41) , the majority of studies evaluating the association between hyperthyroidism and psychiatric diseases do not differentiate between the causes of thyroid dysfunction. It has been suggested that the increased risk of psychiatric morbidity observed in subjects with thyroid autoimmunity could be due to autoimmunity per se rather than due to the thyroid state. In line with this, a variety of autoimmune diseases (19) , including thyroid autoimmunity (19, 20) , have been reported to be associated with an increased risk of psychiatric morbidity. In the present study, when stratifying for the cause of disease (GD or TNG), the higher risk of being hospitalized with psychiatric diagnoses following the diagnosis of hyperthyroidism was completely attenuated in TNG individuals, but not in GD individuals. Accordingly, these data are supportive of psychiatric diseases being attributed to autoimmunity rather than to the hyperthyroid state. By contrast, when considering the risk of being treated with antipsychotics, antidepressants, and anxiolytics, our data suggest no difference between GD and TNG. Still, the exact pathophysiological mechanisms related to the possible difference in psychiatric morbidity associated with GD and TNG require further investigations.
The strengths of the present study include a large sample size, ascertainment of participants from nationwide population-based registers, a relatively long observation period, and the possibility of stratifying for the time period before and after the diagnosis of hyperthyroidism. Importantly, we minimized the risk of selection bias, as hyperthyroid cases were identified from both the DNPR and DNPrR, and consequently both patients from a hospital setting -whether outpatients or inpatients -and patients from primary care were accounted for. However, the lack of information regarding the type of hyperthyroid therapy and effect of treatment and the lack of biochemical data are weaknesses of the present study hindering any conclusion regarding the association between hyperthyroidism and psychiatric morbidity.
To our knowledge, this is the first study to identify psychiatric diseases due to hospitalizations with ICD diagnoses (DNPR) and registration of pharmacological treatment (DNPrR). Although both methods are well accepted (20, 27, 33, 34, 35) , the use of pharmacological treatment as a proxy for psychiatric morbidity raises some questions. Despite an expected high sensitivity of the DNPrR for psychiatric diseases, the specificity is lower as, for example, TCAs may be used in the treatment of pain. In addition, as hyperthyroidism may mimic panic attacks, anxiolytics may be prescribed for these conditions. As a consequence, we are likely to have overestimated the frequency of psychiatric morbidity in the present study in both cases and controls. By contrast, the DNPR has been validated for various psychiatric diagnoses, e.g. schizophrenia and depression (42) . Still, it is comforting that, whether psychiatric diseases were detected from the DNPR -and whether focusing on primary or secondary diagnoses -or from the DNPrR, our results are consistent and the risk of bias is therefore limited.
We conclude that hyperthyroidism is associated with a higher risk of being hospitalized with or being pharmacologically treated for psychiatric diseases, both before and after the diagnosis of hyperthyroidism. While detection bias cannot be completely ruled out, we could not detect any genetic confounding.
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